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Two years ago a groupl at Bell Telephone Lab-
oratories discovered an exceedingly long-ranged 
magnetic interaction among rare earth (RE) atoms 
dissolved in palladium. It is the purpose of the 
present note to suggest a theory for this phenom-
enon, which, it will be recalled, could not be ex-
plained by the Ruderman-Kittel interaction 
R-K 4 J.. =A(sinx-xcosx)/x, x=2kFR .. , (1) IJ 11 
nor even by the longer ranged Yosida modifica-
tion, 
J .. Y =A'(sinx -x cosx-)/x3 , 
17 
(2) 
without assuming an unreasonably small value of 
k F . In fact, the experimenters had to adopt an 
ad hoc interactionl 
J BTL=A" 
ii' R .. <rO' 17 
=0, R .. >rO' lJ 
(3) 
such that any two RE atoms separated up to a 
distance ro (-15 A) underwent an interaction A". 
No physical explanation was proposed for this 
novel interaction, nor do we know of any pub-
lished to date. 
We propose the possibility that the physical 
mechanism is none other than the usual indirect 
exchange via conduction electrons, but modified 
to include exchange matrix elements which change 
the total angular momentum of the f shell by ±n, 
and suggest Eq. (10) to replace Eq. (3). It has 
already been pOinted out by Brout and Suhl2 that 
such processes add a gap (in excess of O. 1 eV) 
to the Ruderman-Kittel energy denominators. 




J(R .. )=B6fk(1-fk,)exp[i(k-kl).R . .J 
1/ lJ 
x {(g. - 1) + exp(i1T1) .)[S.(S. + 1) - J.(J. + l)(g. - 1)2]l/q 
1 1 1 1 1 1 1 
X[S.(S.+1)-J.(J.+1)(g.-1)2]1I2(E +6.-E )-1). (5) 
7 J J 7 7 k' k 
The quantity (gi - 1) is like a "charge": negative 
for the rare earths to the left of Gd in the periodic 
table, and positive for those to the right. The sign 
factor 1)i = 0 or 1 depends on the relative phases 
of the ground state (Ji) and the excited state 
(Ji ± 1). Both terms in Eq. (5) contribute to the 
Ruderman-Kittel interaction, although the con-
tributions may add or cancel depending on the 
relative sign. In addition. the second term has 
a monotonic long-ranged part that we isolate by 
means of the identity. 
(E +6.-E )-I=(E -E )-1 
k' k k' k 
(6) 
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The first term being of the familiar R-K form, we are led to examine the novel contribution: 
f p(1-fk ,)exP[i(k- k').Ri·l 
-B'tlL- ( E )(E E; 1.., (7) E k ,- k k,+tl- p 17 
in which 
(7') B' '" B {(g. - 1) + exp(i171].)[5 .(5. + 1) - J.(J. + l)(g. - 1)211/2 }[5 .(5. + 1) - J.(J. + l)(g. - 1)211/2 exp(i171]. ). 
I 11/ 1/ I 77 I] 7 7 
In the quasifree electron approximation, Ek "'rt2k2/2m, the Fermi energy is E F =rt
2k F
2/2m, and 
(417)2([6 rkF rX ) sinkR .. sink'R .. [ fi4 ~ 2mtl)]-1 
lij",-B'tl eXP(i171]i) (217)6 Jo dkk2 A dk'k,2 (kRl~)(k'R .. )Zl (2m)2(k,2- k2) p,2_ k2+-V ' 
F U 17 
(8) 
where a3 '" volume of unit cell. The rapid convergence of the integrand when tl« E F permits the sub-
stitution sinkRij - sink' Rij - sink FRij' Thus, 
Many of these factors already occur in the con-
stant A of Eq. (1), and an order-of-magnitude 
approximation is 
( a )2 [ ~ tl ) tl E + tl] lij=-A~ij exp (i171]i) ln~+EF +EFln~ ,(10) 
the (cos2kFRij ) being in the nature of a correc-
tion to the oscillatory R-K interaction. As noted 
above, the derivation of this long-ranged nonos-
cillatory inter action is not valid if tl > E F; and in 
the limit tl» E F , the two terms in Eq. (6) ac-
tually cancel. On the other hand, if tl« E F' the 
magnitude of lij will vanish. 
It may be that the d holes in palladium have 
just the proper Fermi energy and the RE's in 
that metal have just the proper excitation spectra, 
such that tl/EF = O(~). In that case the rapidly 
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(9) 
fluctuating R-K interaction may, in fact, average 
to zero, in comparison to a sizable systematic, 
long-ranged interaction Iii' 
It should be noted that if the natural choice 
1]j = 0 is made, the long-range interaction be-
tween like atoms is antiferromagnetic, whereas 
the long-range interaction between atoms of 
opposite sign for the quantity g - 1 is ferromag-
netic. I am indebted to Dr. Shaltiel for telling 
me about unpublished experimental results in 
accordance with the above. 
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